General procedures for MTX1 and MTX2.
The MTX1 and MTX2 were prepared according to our reported procedures. [1] A 15 mM solution of bis-carboxy-Cy3 derivative (1.5 µmol) in anhydrous DMSO was treated with 2 eq of DIPEA, 2 eq of TSTU and 1 eq of BG-PEG 11 -NH 2 and shaken at room temperature for 30 min. Two additional eqalents of DIPEA were added, followed by 1.1 eq of the compound 1 or 2. The reaction was shaken for further 15 min at room temperature, and then quenched with 3 volumes of H 2 O. The solution was then purified by RP-HPLC (0.1% TFA in H 2 O/acetonitrile 10 -50%, 42 min).
MTX1.
Retention time 23.3 min, yield 25%. 
Compound 4.
To a 50 mM solution of compound 3 [2] in DMSO (200 µL), DIPEA (5.3 µL, 3.0 eq) and a 50 mM solution of TSTU in dry DMSO (200 µL) were added. After 10 minutes at room temperature, the reaction was gradually added to a 200 µL DMSO solution of 1,2-bis(2-aminoethoxy)ethane (15 µL, 10.0 eq). After 15 minutes at room temperature, the reaction was quenched by addition of 100 µL H 2 O and 30 µL acetic acid. The product was purified by RP-HPLC (0.1% TFA in H 2 O/acetonitrile 10 -50%, 42 min) and lyophilized to afford compound 4 as white solid. Retention time 18 min, yield 80 %. Cloning and protein expression. The plasmid pVitro was already reported [4] and purchased from InvivoGen. The DNA encoding variable domains (VH and VL) of Fab fragments and mouse antibody constant domain (CH1 and CL) were synthesized by Thermo
Fisher Scientific Inc. The PCR products of SNAP_p30 and NanoLuc were obtained by amplifying the coding sequence from our reported sensor. [1] These synthetic/PCR products were assembled into the pVitro plasmids by Gibson Assembly.
Suspension-adapted HEK-293E cells were routinely maintained in serum-free ExCell 293 medium with 4 mM glutamine as described. [5] On the day before transfection, cells were inoculated into fresh medium at a density of 1 x 10 6 cells/ml. The next day, 1
x 10 9 cells were harvested by centrifugation at 1,200 rpm for 5 min and re-suspended at a density of 2.0 x 10 7 cells in 50 ml of RPMI 1640 medium with 0.1% pluronic F68 in a TubeSpin® bioreactor 600 tube. Plasmid DNA (1.5 mg) and linear 25 kDa polyethylenimine (3.0 mg, 1 mg/ml in H 2 O) were sequentially added and mixed. The culture was agitated by orbital shaking at 180 rpm at 37°C in the presence of 5% CO 2 . After 60 min, the transfected culture was transferred to a 5 L glass bottle containing 950 ml of FreeStyle medium (Invitrogen) with 4 mM glutamine and 3.75 mM valproic acid (500 mM in H 2 O). The culture was transferred to an incubator shaker at 37°C with 5% CO 2 with agitation at 120 rpm. At 7 d post-transfection, the cell culture medium was recovered by centrifugation at 2,500 rpm for 10 min and filtered through a 0.22 µm membrane. Then the supernatant was added with 5 mg NiSO 4 and subjected to Ni-NTA affinity chromatography according to the instructions of the supplier. The eluted fractions containing the target protein, were spinned down and concentrated using Amicon Ultra-0.5 50 kDa column. The proteins were further diluted into Tris buffer (50 mM Tris-HCl, 150 mM NaCl, pH 7.4) and purified by Flag-tag affinity chromatography. The final proteins were stored in 50 mM HEPES pH 7.2, 50 mM NaCl, 40% glycerol at -25 o C. The protein concentration was determined using a Bradford assay with BSA as a standard.
SNAP-tag labeling. The sensor proteins were diluted to concentrations of 1 µM in buffer (50 mM HEPES, 50 mM NaCl, 1 mM DTT, pH 7.4,) containing 4 µM of the corresponding SNAP-tag substrate. After incubation at room temperature for 2 h, the labeled sensor constructs were used directly without further purification.
Sensor titration. The labeled sensors were diluted to concentrations of 10 nM in 25 µL human serum (H4522, Sigma) spiked with known concentrations of analyte in white nonbinding 96-well plates and another 25 µL Nano-Glo Luciferase assay substrate (Promega) diluted 250-fold in buffer (50 mM HEPES, 50 mM NaCl, pH 7.45) was added. After incubation at room temperature for 20 min, bioluminescence was measured on an EnVision Multilabel Reader (PerkinElmer). The signal was collected using an emission filter (wavelength: 460 nm, bandwidth: 25 nm) to record NanoLuc emission and a filter for Cy3 (wavelength: 595 nm, bandwidth:
60 nm) to record Cy3 emission. To obtain the concentration of half-maximal ratio change, C 50 , the data were fitted to the following binding isotherm:
where R is the experimental emission ratio of NanoLuc emission vs Cy3 emission, [analyte] is the concentration of the free analyte, and R 0 and Rs are the emission ratio in the absence and presence of analyte, respectively. Fits were performed with free fit parameters C 50 , R 0 , and Rs. DR max is calculated as (Rs / R 0 ) ´ 100%.
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Emission spectra. Emission spectra were obtained essentially the same way as titration curves. Spectra were measured on an Infinite M1000 spectrofluorometer (Tecan) with a step size of 1 nm, a bandwidth of 20 nm and an integration time of 100 ms.
Paper device preparation and measurements using a digital camera. Black circles in the shape of the wells of a 96-well plate were printed onto Whatman No. 1 filter paper using a Xerox ColorQube 8580 solid ink printer. The paper was then heated in an oven at 90 °C for 6 min until the black circles (diameter of ~5 mm) were well visible from the opposite side. The paper (each test zone)
was spotted with 5 µL BSA buffer (50 mM HEPES, 50 mM NaCl, 10 mg/mL BSA, 0.025% TWEEN, pH = 7.45) and was lyophilized overnight. The next day 5 µL HEPES buffer (50 mM HEPES, 50 mM NaCl, 1 mg/mL BSA, pH = 7.45) containing 30 nM sensor was spotted on the BSA-blocked paper and was further lyophilized overnight.
The human serum spiked with known concentrations of analyte and the HEPES buffer (50 mM HEPES, 50 mM NaCl, pH 7.45) with Nano-Glo luciferase assay substrate diluted 50-fold was mixed with 1:1 ratio. 5 µL of this buffer was directly spotted in the center of the circles printed on the paper. After 15 min, a picture of the paper was taken using a digital camera through a hole in a polystyrene ice box to prevent light from the environment to disturb the measurement.
For calculation of the correlation coefficient between the LUCID and UV/Vis spectrophotometric method, the drugs were randomly diluted into HEPES buffer (50 mM HEPES, 50 mM NaCl, pH 7.45) within the corresponding therapeutic concentrations. UV-Vis measurements were obtained with a Shimadzu UV-1800 spectrometer, using 1 cm quartz cuvettes. By measuring the absorbance (methotrexate: 372 nm, theophylline: 272 nm, quinine: 332 nm) at increasing concentrations of the drugs, the calibration curves were constructed. The concentrations of the spiked samples were measured by UV/Vis spectra. Then the samples were mixed with human serum (1:1, v/v) with Nano-Glo luciferase assay substrate diluted 50-fold. 5 µL of this buffer was directly spotted in the center of the circles printed on the paper. After 15 min incubation, a picture of the paper was taken using a digital camera through a hole in a polystyrene ice box to prevent light from the environment to disturb the measurement.
The human blood, containing ~5 mM EDTA as the anticoagulant, and HEPES buffer (50 mM HEPES, 50 mM NaCl, 5 mM EDTA, pH 7.45) with spiked analytes and Nano-Glo luciferase assay substrate diluted 90-fold was mixed with 1:9 ratio. 5 µL of this mixture was directly spotted in the center of the circles printed on the paper. After 15 min, a picture of the paper was taken using a digital camera through a hole in a polystyrene ice box to prevent light from the environment to disturb the measurement.
The pictures were taken using a Canon PowerShot G1X digital camera with the exposure time of 10 -20 s, F value of 2.8 and ISO value of 6400. The pictures were saved into RAW format and were further converted into PNG format with optimized parameters (white balance: 40 K, color space: Adobe RGB 1998, gamma value = 1.0) by Adobe Camera Raw 8.0. The images were further processed by using the ImageJ-based java servlet [1] to calculate the ratio values between the average intensity per pixel in the blue and red color channel. [a] The measurement is performed in HEPES/serum buffer (50 mM HEPES, 50 mM NaCl, pH = 7.45, 50% (v/v) serum) and the signal is collected by EnVision Multilabel Reader.
[b] The measurement is performed on paper spotted with 5 µL HEPES/serum buffer (50 mM HEPES, 50 mM NaCl, pH = 7.45, 50% (v/v) serum) and the signal is collected by EnVision Multilabel Reader.
[c] The sensors are freeze-dried on paper for 35 days at room temperature. The measurement is performed on paper spotted with 5 µL HEPES/serum buffer (50 mM HEPES, 50 mM NaCl, pH = 7.45, 50% (v/v) serum) and the signal is collected by EnVision Multilabel Reader.
[d] The measurement is performed on paper spotted with 5 µL HEPES/serum buffer (50 mM HEPES, 50 mM NaCl, pH = 7.45, 50% (v/v) serum) and the signal is collected by Canon PowerShot G1X digital camera. red, MTX2-Lucid: blue, Theo1-Lucid: white, Theo2-Lucid: black, Quin1-Lucid: magente, Quin2-Lucid: green. The dashed-triangle range represents the Adobe RGB 1998 color space [7] .
